Background. Elevated peripheral blood neutrophil-tolymphocyte ratio (NLR) is associated with poor oncologic outcomes in patients with stage IV melanoma and other solid tumors, but its impact has not been characterized for patients with high-risk, nonmetastatic melanoma. Methods. Retrospective review of a melanoma database identified patients with high-risk melanoma who underwent operation with curative intent at a single institution. NLR was calculated from blood samples obtained within 2 weeks before operation. Multiple primary melanomas and concurrent hematologic or other metastatic malignancies were excluded. Cumulative incidence of death due to disease was estimated, and Gray's test was used to examine the effect of NLR on melanoma disease-specific death (DOD). Multivariable competing risks regression models assessed associated factors. Results. Data on 1431 patients with high-risk, nonmetastatic melanoma were analyzed. Median follow-up for survivors was 4 years. High NLR (C3 or as continuous variable) was associated with older age, male sex, thicker primaries, higher mitotic index, and more advanced nodal status. On multivariate analysis, high NLR (C3 or as a continuous variable), older age, male sex, ulcerated primary, lymphovascular invasion, and positive nodal status were all independently associated with worse DOD. Conclusions. NLR is a readily available blood test that was independently associated with DOD in patients with high-risk, nonmetastatic melanoma. It is unclear whether high NLR is a passive indicator of poor prognosis or a potential therapeutic target. Further studies to evaluate the prognostic role of NLR to potentially identify those more likely to benefit from adjuvant immunotherapy may prove informative.
ABSTRACT
Background. Elevated peripheral blood neutrophil-tolymphocyte ratio (NLR) is associated with poor oncologic outcomes in patients with stage IV melanoma and other solid tumors, but its impact has not been characterized for patients with high-risk, nonmetastatic melanoma. Methods. Retrospective review of a melanoma database identified patients with high-risk melanoma who underwent operation with curative intent at a single institution. NLR was calculated from blood samples obtained within 2 weeks before operation. Multiple primary melanomas and concurrent hematologic or other metastatic malignancies were excluded. Cumulative incidence of death due to disease was estimated, and Gray's test was used to examine the effect of NLR on melanoma disease-specific death (DOD). Multivariable competing risks regression models assessed associated factors. Results. Data on 1431 patients with high-risk, nonmetastatic melanoma were analyzed. Median follow-up for survivors was 4 years. High NLR (C3 or as continuous variable) was associated with older age, male sex, thicker primaries, higher mitotic index, and more advanced nodal status. On multivariate analysis, high NLR (C3 or as a continuous variable), older age, male sex, ulcerated primary, lymphovascular invasion, and positive nodal status were all independently associated with worse DOD. Conclusions. NLR is a readily available blood test that was independently associated with DOD in patients with high-risk, nonmetastatic melanoma. It is unclear whether high NLR is a passive indicator of poor prognosis or a potential therapeutic target. Further studies to evaluate the prognostic role of NLR to potentially identify those more likely to benefit from adjuvant immunotherapy may prove informative.
Immunologic influence on carcinogenesis, tumor growth, invasion, and metastasis is a growing area of clinical and scientific investigation. Melanoma has long been known as an immunogenic tumor and was the first example of metastatic cancer to be cured by immunotherapy. 1 Concurrent with our increased understanding of tumor immunology, the incidence of melanoma has been increasing such that now it represents the fifth and seventh most common cancer diagnosis in men and women, respectively. An estimated 73,870 cases were diagnosed in 2015, and nearly 1 in 8 people diagnosed with melanoma died from the disease. lymphocytes (TILs) within primary melanomas with improved prognosis led to the incorporation of TILs into the histopathologic reporting of melanoma. 3, 4 In addition, interleukin-2, checkpoint inhibition, and adoptive T cell therapy (ACT) are examples of T-cell manipulation with apparent clinical benefit. 5 However, despite the growth in data of the lymphocyte's role in tumor regression, there currently remains a paucity of data on the influence of neutrophils in melanoma and other cancers.
Recently, the direct relationship between cancer-related inflammation and oncologic outcome has become evident. 6, 7 Systemic inflammation is tied to alterations in circulating peripheral blood leukocytes. An easily obtainable, pretreatment biomarker of systemic inflammation is the peripheral blood neutrophil-to-lymphocyte ratio (NLR). An elevated NLR has been associated with poor prognosis in a number of solid organ malignancies, including colorectal, esophageal, gastric, pancreatic, and primary liver cancers, gastrointestinal stromal tumor and other soft tissue sarcomas, and metastatic melanoma. 6, [8] [9] [10] [11] [12] [13] [14] [15] The purpose of this study was to characterize the outcomes of patients with high-risk, nonmetastatic melanoma to determine whether NLR correlates with known prognostic factors and to examine the association of preoperative NLR with long-term outcome. We postulated that an elevated NLR, as in other malignancies, would be associated with inferior disease-specific mortality.
METHODS
Following approval by our Institutional Review Board, a prospectively maintained melanoma database was queried to identify patients with cutaneous melanoma operated consecutively at our institution from 1998 through 2012. Patients with pathologic features deemed high risk for recurrence were included for the study; these included patients with T2b and greater primaries, and patients with regional nodal disease based on final pathologic staging. Preoperative blood samples were routinely obtained within 2 weeks of operation. Patients were excluded when preoperative blood cell counts were not available, preoperative WBC was above or below the normal range (4-11 K/lL), absolute neutrophil counts were above or below the normal range (1.5-8.8 K/lL), or absolute lymphocyte counts were above or below the normal range (0.5-5.3 K/lL). Other exclusions included patients with active infection, multiple primary melanomas, concurrent hematologic or solid tumor malignancies, or receipt of preoperative systemic chemotherapy. Blood NLR was calculated on every eligible patient as the absolute neutrophil count (number of neutrophils per lL) divided by absolute lymphocyte count (number of lymphocytes per lL). NLR was evaluated as a continuous variable. For clinical utility, the method of maximally selected rank statistics was utilized to optimally dichotomize NLR. 18 An optimal cut point of 2.9 was identified and rounded to 3 for relevance in clinical practice. Neutrophil and lymphocyte values also were evaluated separately for their possible role as prognostic markers. Because NLR tends to inflate with increased age and many patients died of nonmelanoma causes, we evaluated disease-specific death (DOD) as the outcome to determine the influence of NLR on melanomarelated death. Clinicopathologic variables included patient age and sex, tumor site, mitotic index, thickness, ulceration, lymphovascular invasion, nodal stage, and nodal characteristic (clinical node status and number of pathologically positive nodes). Nodal characteristics were classified as the following: (1) no clinically evident lymphadenopathy, no pathologic lymph node metastases; (2) no clinically evident lymphadenopathy, positive pathologic lymph node metastases; and (3) clinically evident lymphadenopathy, positive pathologic lymph node metastases.
Statistical Analysis
The primary endpoint of the study was disease-specific death (DOD), defined as the time interval from surgical resection to the time of melanoma-specific death. Death of unknown causes and death of other causes were treated as competing risks. Patients alive were censored at their last follow-up. The cumulative incidence of DOD was estimated along with 95% confidence intervals. The associations between DOD and preoperative/perioperative variables were assessed using Grey's test and competing risks regression based on Fine and Grey's method, 16 in univariate and multivariable models. Backward model selection was used in multivariable analyses with significance level at 0.05. Maximally selected rank statistics, taking into account multiple testing issues, were used to find a cutoff value (optimal cut point = 2.9) of NLR to best differentiate survival groups. 17 Fisher's exact test and Wilcoxon rank-sum test were used to examine associations of NLR (high or low) with categorical and continuous clinical characteristics, respectively. Median values are reported with corresponding ranges or interquartile ranges (IQR). p values \0.05 were considered statistically significant. All analyses were performed using SAS 9.4 (The SAS Institute, Cary, NC) and R version 3.1 (The R Foundation for Statistical Computing).
RESULTS

Demographic and Tumor Characteristics
Total Group Our prospective database identified 1548 high risk, nonmetastatic melanoma patients treated consecutively over a 14-year period. Following exclusions, 1431 consecutive patients were available for analysis. Patient and tumor characteristics are summarized in Table 1 . Most patients were male (61.6%), and the median age at time of treatment was 63.4 years (range 4-99.6). The most common tumor location was the extremity (37.3%) followed by the trunk (27.5%), head/neck (23.2%), and hand/foot (12%). The median mitotic index was 4 (range 0-58). Tumor thickness, as measured in millimeters, included 0-1 (7.4%), 1.1-2 (22%), 2.1-4 (39.6%), and [4 (31%). Further pathologic characteristics included primary melanoma ulceration (44.1%), tumor infiltrating lymphocytes (45.4%), and lymphovascular invasion (LVI) (15.4%). Nodal substage, as defined by AJCC classification, included N0 (50.7%), N1a (18.4%), N1b (7.2%), N2a (4.5%), N2b (4.9%), N2c (4.5%), and N3 (9.8%). Lymph node involvement in the study cohort revealed 56.5% with clinically negative/pathologically negative nodes, 31.9% with clinically negative/pathologically positive nodes, and 11.7% with clinically positive/pathologically positive nodes. In-transit disease was present in 120 of 1431 patients (8.4%).
NLR Low Versus NLR High NLR was evaluated as a continuous variable. For ease of implementation into clinical practice, a statistical optimal cutoff point of NLR equal to 2.9 was derived. Therefore, we classified high NLR as C3 and low NLR as \3. The NLR low population included 847 patients compared with NLR high at 584. High NLR was associated with older age (p \ 0.001), male sex (p \ 0.001), thicker primary tumors (p = 0.004), higher mitotic index (p \ 0.001), and increased nodal substage (p = 0.034). There were no associations between high NLR and tumor site, ulceration, tumor infiltrating lymphocytes, lymphovascular invasion, nodal characteristics, or the presence of in-transit disease.
Disease Status At last follow-up, patients were found as alive with unknown disease status (n = 3/1431; 0.2%), alive with disease (69/1431; 4.8%), alive with no evidence of disease (736/1431; 51.4%), dead of disease (427/1431; 29.8%), dead of unknown causes (109/1431; 7.6%), and dead of other causes (87/1431; 6.1%). Median follow-up for survivors was 4.0 years (range 0.01-16.7).
Disease-Specific Mortality
Univariate analysis revealed the following factors to be significantly associated with DOD: older age (hazard ratio Table 3 ). Additionally, when assessed as a continuous variable, NLR remained significantly associated with DOD controlling for the same set of factors in our multivariate model. Cumulative incidences of DOD by these factors are depicted in Fig. 1 .
DISCUSSION
This analysis of 1431 consecutive patients undergoing surgical treatment for high-risk Stage II and III primary cutaneous melanoma demonstrated that high NLR was independently associated with significantly higher risk of DOD compared with low NLR. A secondary objective of this study was the assessment for any correlation of known prognostic pathologic features of melanoma and NLR. High NLR did correlate with many known predictors of melanoma-specific survival, such as older age, male sex, thicker primary tumors, higher mitotic index, and increased nodal substage; however, high NLR was not associated with ulceration, TILs, or LVI. In a multivariate analysis of survival, high NLR (C3 or as a continuous variable), older age, male gender, ulcerated primaries, presence of LVI, and nodal characteristics were associated with increased risk of DOD. The lack of association of DOD with tumor thickness on multivariate analysis is believed to stem from the high proportion of patients with positive nodal status. Overall, these associations support our hypothesis that an elevated NLR is prognostic of inferior disease-specific survival, independent of other known poor prognostic clinicopathologic variables.
The link between inflammation and neoplasia has been recognized since the time of Virchow and is felt to be related to the lack of homeostasis within immune cell compartments leading to chronic inflammation and carcinogenesis. 18, 19 More recently, in a systematic review of 15 studies and more than 8500 patients, Guthrie et al. found the systemic inflammation-based NLR to have prognostic value in predicting oncologic outcomes in patients with cancer. 7 Specifically, the NLR was elevated in patients with more advanced/aggressive disease, evidenced by increased tumor stage, nodal status, and extent of disease. 7 As such, NLR may reflect a more advanced stage of disease with potentially more aggressive tumor behavior. 7 However, the method that links tumor and host biology remains unclear.
Although peripheral blood neutrophilia has been associated with poor cancer outcomes in many tumor types, the role of neutrophils in tumor development and progression has not been fully elucidated. Within the myeloid cell lineage, neutrophils, macrophages and myeloid-derived suppressor cells (MDSC) have been described as suppressors of T-lymphocyte function. In addition, these cells have been ascribed effector function in tumor angiogenesis, tumor invasion, and metastasis. A proposed mechanism of neutrophil-mediated tumorigenesis and metastasis includes the production of cytokines by melanoma cells that interact with receptors expressed on neutrophils and melanoma cells (autocrine effect). 20 Recently, Motomura et al. found that an elevated NLR was associated with an increase in serum IL-17 and an increase in the peritumoral infiltration of macrophages. 7, 21 Moreover, Kantola et al. reported that an elevated NLR was associated with elevations in IL-1ra, IL-6, IL-7, IL-8, IL-12, MCP-1, and PDGFBB. 7, 22 Therefore, theoretically, an elevated NLR may represent some level of up-regulation of the innate immune system. Additionally, in other solid tumors the expression of chemokine receptors, such as the IL-8 receptor (CXCR1), have been correlated with numbers of tumor-infiltrating neutrophils. 23 Neutrophil-mediated tumor progression may occur via so-called neutrophil extracellular traps (NETs) that are thought to promote tumor metastasis by trapping circulating tumor cells within webs of extracellular DNA. 24 What is not known from clinical studies of peripheral blood neutrophilia is whether an elevated circulating ANC in cancer patients includes a population of granulocytic myeloid-derived suppressor cells (MDSC) that exhibit an immature neutrophil phenotype.
The pretreatment NLR may be a window through which to observe the balance between the host's pro-tumor neutrophil and the anti-tumor lymphocyte cellular compartments. The cutoffs used to define high and low NLR (whether by receiver operating characteristic, binary partitioning, rank statistics, median, quartile, or as continuous variable) may simply represent the threshold at which the tumor suppressive effects of lymphocytes are overcome by the immunosuppressive influences of neutrophils and their myeloid relatives. The ratio, or more likely the changes in specific cell population numbers, may have a potential to be used to monitor or predict response to specific immunebased therapies. Recently, Ferrucci et al. found the baseline NLR to be strongly and independently associated with progression-free and overall survival following the treatment with anti-CTLA4 antibody. Specifically, they found that an NLR C3 had a significantly and independently increased risk of death (HR 5.76; 95% CI 4.29-7.75) and of progression (HR 4.10; 95% CI 3.08-5.46) compared with patients with a lower NLR. 6, 25 However, whether NLR remains a general prognostic factor or predictive for ipilimumab benefit in the metastatic setting remains unclear. Moreover, Zaragoza confirmed that an elevated NLR (C4) before initiating ipilimumab treatment in patients with metastatic melanoma to be an independent prognostic indicator of poor survival. 26 Additionally, treatments aimed at abrogating the suppressive function of neutrophils and other myeloid-derived cells could shift the balance in favor of immune system dominance over tumor progression. Given these observations, it is reasonable to propose that this readily available hematological test could be investigated as a predictive and prognostic biomarker in those who require adjuvant treatment or who do not appear clinically suitable for surgical intervention and therefore would be useful for improved stratification of patients with cancer. 7, 27 There are several limitations to the current study. As with any retrospective analysis, this study is subject to selection bias, because we analyzed only patients at highrisk for melanoma recurrence and DOD. Although overall survival would allow for a more frequent event rate, this study includes more than 400 DOD events providing sufficient power in the analyses. Additionally, we elected to exclude the low-risk primary melanoma population due to the low event rate (DOD) among this group and possibly different group of prognostic factors. However, the inclusion of all melanoma patients (non-high risk) could potentially provide additional insight into a threshold for immune relevance. Lastly, elevated NLR has been linked to postoperative complications; however, we did not assess or correct for complications. Despite these limitations, our sample size and prospective data collection strengthen the results and add to the current available literature.
CONCLUSIONS
We reported the characteristics and outcomes of 1431 patients with high-risk, nonmetastatic melanoma resected at a single institution over 14 years. An elevated preoperative NLR (C3 or as a continuous variable) correlated with some known poor prognostic indicators of melanoma survival and was an independent predictor of DOD. Our results are consistent with previous studies reporting the prognostic significance of NLR in metastatic melanoma and other solidorgan malignancies. As an independent indicator of DOD, and a readily available blood test, NLR can be used to assist in risk stratification and potentially predicting immunotherapy treatment response of patients with high-risk, nonmetastatic melanoma. Further studies to evaluate the prognostic and predictive value of NLR, and its component peripheral blood neutrophils and lymphocytes, and their correlation with response to immunotherapy may prove informative. Given the remarkably consistent association of elevated NLR with poor disease-specific outcome across broad variety of solid tumors, the critical question to be addressed in the future is whether NLR is merely an indicator/prognosticator or a targetable governor of outcome.
